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Background:  The changes in standard 12-lead electrocardiograms (ECGs) during follow-up of heart failure (HF) patients and diagnostic 
performance of ECG-derived variables for identifying worsening HF status are not yet fully determined. 
Methods:  We employed ECG triplets and other HF-related clinical data, including BNP measurements, corresponding to clinical stability, 
worsening, and recovery in established HF patients during follow-up. Changes in the QRS amplitudes (42 ECG triplets from 37 HF patients) and 
changes in the depth of the right precordial S-waves, height of the left precordial R-waves, and transitional zone of the precordial leads (35 ECG 
triplets from 31 HF patients without bundle branch block) were analyzed. 
Results:  The QRS amplitude(s) in both the limbs and precordial leads decreased from clinical stability to worsening HF, and returned to baseline 
at recovery. In the precordial ECG, there was no significant difference in S-wave depth in V1 and V2, and the R-wave amplitude in V5 and V6, and their 
sums among clinical stability, worsening HF, and HF recovery. The transitional zone shifted to the left from clinical stability (2.9 ± 1.1) to worsening 
HF (3.3 ± 1.2), and returned to the position (3.0 ± 1.1) corresponding to clinical stability at recovery (p<0.0001 and p = 0.001, respectively). The 
ROC analysis showed that ≥16% reduction of ∑QRS6L and ∑QRSI + II discriminated between stable and worsening HF, with a sensitivity of 43% 
(95%CI 28-59) and 40% (95%CI 26-57), respectively; specificity of 98% (95%CI 87-100) for both and positive likelihood ratio (PLR) of 18 and 17, 
respectively. A shift of the transitional zone to the left of ≥1.0 lead interval predicted discrimination between them with a sensitivity of 31% (95%CI 
17-49%), a specificity of 86% (95%CI 70-95) and PLR of 2.2. Changes in QRS amplitude of the limb leads had as good a PLR as BNP (PLR; 19) for 
identifying worsening HF. 
Conclusion: Changes in the ECG-QRS amplitude of limb leads are as useful for monitoring the body fluid status in HF patients as BNP 
measurements. Control for variations in precordial electrode placement in serial ECGs might enhance the diagnostic accuracy of the changes in 
transitional zone for monitoring HF status.
